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Physio lovTlcal Aprroach 

A FhyGioicfjical Approach zo the Study 
of Human Iriformation Processing 

In Perception a n d the Conditioned llcf lex , foviet neuropsycholoi^irrt 
E. N. Soliolov (1963) cicscrihcd three reflc::ive rospcnses x:hich the indi- 
vidual nervous systeu nakes to sensory inf orm-aticn- -the orienting, adaptive 
and defense responses. A. revier-: of these responses and the studies related 
to then provides additional insij;ht into the nature of hunan inf orTr.ation 
proces5in^3 . 
Adapti ve responses 

The adaptive response, or reflex:, is described as a local protective 
mechanism ^.;hich trijj,gers a specific local response to a specific change in 
the stXDulus environment . An e::ample v:ould he the reflex v;bich closes 
the pupil of the eye as scene illuninaticn increases. Since adaptive 
reflexes involve relatively fir^-ied relationships between local stimuli 
and subcortical responses, they h.old little interest for th.e student of 
information processing and will not be considcreJ further here. 
Orientin.^ respo nses 

The notion of tlie orienting response has i5tir.ulated as rr.uch research 
and \7ritinc in p-^ych.ophysiolor;y as any ot'^-^r idea in th j nar;t s 2veral 
decades. Soholov (19f/3, p. 11) defined the orienting respt^nse (OP.) as a 
nonspecific reaction xmich better prepares (' tunes") a sensory analyzer 
to porceive a nc^"^ stir/iulus. 

Physiologically, tlie process is something like this, \'\ien the 
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sensory apparatus generates neiiral inf on-.rition a:)Out a ner sti-mulvs in t* a 
insediate envircnr::er.t : neural T?.esF^ar-es arrive f-t the cere^.ral cortex. There 
the infcrr.ation is cer.parcd vlth stored reccllcceions , or neuronal ir.odels 
(Soholov^ 1<^C3, rp. 232 -2';^..), of c.-Hrlicr p.curRl iafcrrrition. If there is n 
natch het^•ce^ the irxonin:; sensory inf ornp.!:ion nnd the cerebral ncuronnl 
models, then an iniiihiticn si::nal is sent TrcD t'-.c cerehrun to the reticular 
activation system (^u-.?) of the ridbraiu. The PA?, in turn, reduces the sen^ 
sitlvity cf the sensory arrar?tus to thr stir^ulns i^ivolved- 

If, cn the other hand- there is in the corte:^ a mis^.atch betreon in- 
conin^^. sensory information and the cerc^^ral neuronal riodels. an activation 
sic^nal r.oes to the ?,AS T:hich in turn„ **tunes/* or sensitizes, the sensory 
anprrotus. As a consequence^ a f^rerter volur.e of sensory inf omation 
about the neu stimulus vtIH enter th:^ ccrchrun,. This activation si'^nal 
f ron the RAS to the sensory systcn. is the orientinr response (OP) and is 
ne a su r aT> 1 e p hy s i o 1 o i c a 1 ly . 

r 

As a result of the greater volune of sensory information entcrinp; the 
cerebrum- after t;ie OR, a new neuronal rodel ^'ill he forrnod in the cerebrum. 
T'hcn it is forned, then a natch het^jeen incoTinir.p, neural information rind the 
ncTi reuronal nodel vill occur, {in inhibition r-isni-^l v-ill po to the VA?^ ^ and 
the OR ^'ill disappear. This reduction of the OR to a nev' stirrulus after 
a neuronal r.odcl has been f orr.ed , is called habituation . 

The neuronal models formed in tliis nj smntcb-OR- habituation process 
T^.ust occur often enouf;]i to reflect all the variety of experience vitb. 
r;hich dn individual rmst deal, including physical cbaracterlsti cs of stimuli, 
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^ Physiological Approach 

vords, s^mtax, ir.eaning and /attitudes. This nrcccss is cunn^arized in the 
graphic nodel at Fi^^ure 1. 

7vs>i'ivt Fi,-».ure 1 ahout Vc-re 

The specixic pay3iolor:icp,l Fier.surenicnts reiatec to the OR have been 
listed by Maltzman and Rnskin (1?C5, p. 1) as "depression of corticrl alpV^a 
rhythn., the galvanic skin response, pupillary dilation, and A complex vasornotor 
respciise consistinf^ of cephalic vascdilc^.tion and peripheral vasoconstriction/ 
The reasoning of a nuirler of xrorhers includinjr I^oin (1966), Eerlyne (1D60), 
Maltznan and Tvashin (1965) and Fletcher (1971) connect the OR to the con- 
sciousness-centered concept of attention . Attention has been said to facili- 
tate response and r.enory (Janes, ICTO: pp, 42A-425) and to be a prelude to 
effective cortp.unication (rovlaiul, LuTr;sdainc and Sheffield. 1949, p. 81). 

In terns of infomatioa processinr,j the OR may be vieT-red as the process 
by which external st inula t ion becomes intt-^.rnalised , and neuronal riodels may 
be equated -rith cognitions. 
The OR and^ entropy 

One inference possible from the neuronal n^.cdel explanation of the OR 
is that the set of neuronal morsels in the cerebral cor.::ex has some finite 
probability of riatcb.ing i.^xorin^ neural information from a given fitinulus- 
environnent. The values of these neuronal nodels, together vrith the assoc- 
iated probabilities thaj the models will inhibit the OR may be trihcn to rep- 
resent the nep^entropy (Kiir, 1975, p. 213) of tha individual in that stirxilus 
environment, since, if the nodels natch all of'tlie inconinp neural infornatlon, 
no no/.'j models need be formed, and the pattern of stored cerebral 
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experience satisfactory' accounts for, or organizes the stinulus. Of course, 
to establish a numerical value for each of these thousands of neuronal models 
and their associated probabilities of relevance to even a narroxrly defined 
stir.ulus setting vculd be extretnely difficult if not impossible, 

But, since the OR is elicited whenever the cerebrum does not have T2odels 
adequately confoming to incoming sensory infomation. the OR can be vie^ced 
as the conplenent of; cerebral ner.entropy : the relative probability that the 
OR will be elicited and the sum oL probabilities that available neuronal 
nodels Trill inhibit the OR must sum to one. 
Jh^ ^ attention 

The probability that the OR uill be elicited is thus entropy , and 
attention so defined is the human response to the perceived uncertainty in 
a stinulus envirouTnent . 

ITlien studying the likely effects of potential alternative p.essages, 
the probability that some elerents of a message TjiH elicit the OR is 
equivalent to the probability that the cerebrum will process the neural 
information that the OR will generate. If the messages are persuasive in 
objective, then those parts of the message vhich require attention (elicit 
ORs) should be tliose that are important to the persuasive intent. If other 
than important parts of the message elicit the OR, those parts of the message 
may be said to be distractin- attention . If. on the ether hand, only those 
parts of the x.:essar,e which are important to the persuasive objective elicit 
the OR, then the message can be said to be without distractions- 

0 
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The 051 as infomaticn denand 

It is tlie state of the ccrebrura v^ith its neuronal nodels that establish- 
es the sensitivity of the ccr.cory apparatus. Greater sensitivity follows 
the C?. . The CR rxtV then also be talian as an index of cerehral injoi^f^-.^tip^^ 
deuaiid . The average ar.plituCe of the CF, elicited by a r.e-sa-e v:ould then 
bccor^e the information derr.and value of that rressage. 

The infomation demand values of possible alternative rpcssaiT^s in nass 
nedia car.paims, in ins true ticnai materials and in nan/coinnutcr interaction 
could be valuable desirn considerations and arrue for the jrreater physiologic 
cal study of cuch ressa^es. 
Tonic versus p has ic OR 

At this point it is necessary to distinguish hetTteen two different 
hinds of orientin?; responses- - phasic and t onic (L^^^n. 1966, p. A). The ORs 
described above and related to attention and information demand are the 
phasic ORs: they ere relatively close; tirae-T:isC; to the sensory inf orr-ation 
that trigg^ers theT:^ and have a relatively short duration. 

Tonic Ohs are also sudden in their appcarar-ce and have relati-;'ely 
Ions duration. 

The distinction bat^jeen tonic and phasic ORs will.be clc -rcr ^±en a 
specific physiolo^^ical systep.- th.e electroderirial system -is considered. 

Insert Figure 2 about liere 

Electrodorrnal activity represents changes in the perT^eability of the shin 
to the potassium ion (Christie and Venables, 1571)5 the permeability in- 
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creasin.q; as the skin is sent O^.s by the R.^?. In "^irrurc 2 the upper trace 
represents c typical isolated shin conductance response. Electroderrial 
activity is r-easured either ty electronically neasurinr^ the chancres in 
conductance of the shin, or tre changes in electric potential of the shin. 
The shin conductance jesponr^e heroins 1/2 to one second rfter stimulus on- 
set and recovers in abovt 1/2 to 2 i/2 f^econrlrw 

The lov-er trace in Fi:^ure 2 roprcsc-r tr^. p tonic Tt '"uilns r^t p^out 

the saT-e rate as tho phasic OP. but lasts rnuch. Icn^.er, perhaps nuch as 
fifty TT.inutcs and TTiore. In studies er^.ployin^, standard physiolojr.ical record- 
inr^ techniques, tonic and piiasic responser^ are separated for analytic 
purposes . 

Generally spealiinr;, the preater the tonic CRs trippered in an indivi'^.ual 
the tr.ore frequently phasic Cls ^-^ill be tri7,f>.ered in^ response to the sane 
stiT^ulus. At the sare tir.e the lav; of initial values (riljer^ 1957 
Sternbacli, 19^6) \;ill affect this relcitlonship of phasic and tonic ORs.. The 
la^T of initial values states that the r.ize of a response to a stiT^ulus \/ill 
be a function ^the rrestinulus level of the response systen. As phasic 
oris occur vith or on top of lar[:er tonic C'.s . the pbrrdc 0?.s T-:fIl ^orc 
frequent but smaller* 
Tonic OR as capacity to nttond 

The tonic OR nay he vicved as settinp, the cerebral capac'ity to attend 
to sensory information demands. As tonic Op. increases / the frequency of 
information demand (phasic O^v) vrill increase, hut the amplitude of infer- 
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nation dennnds '.rill decrease. As individual capacity to process in- 
fcrnation increases, der^anus for irJomation should irxrease in frequency, 
but the anount of infomation (size of the phasic CR) required to de- 
velop a neuronal r.odcl should he less. 

As a corollary, the conx:unication setting in vtcich. r». Tr^sagC! occur.'^ ^7±11 
be very important in establishing the i nform ation d^rand va lues of t-ie mes- 
sage. Illustrative is a study by Kennedy (1971) in which the effectiveness 
of television coraercials vas sho^T. to be influenced by the television pro^ 
52ran settin^^ in ^;hich they v:ere shovn- 

Conversely, the su:?. cf the infcririation deiLand values of all the 
s-T.rate Tnessa^Tes in a comnunication setting V7ill be related to the likeli- 
hood and anplitude of the tonic ORs. Tliis principle has sov^^ importance 

1 

to the study of relaiiation, -^jhcre the phenoinena in question deal with in- 
fomation processing patterns vhich seen to reduce the inf orT^.ation demands 
associated v^ith the comnunication setting. 

In the case of public response to popular tnuaic, for example, x-rhat 
is it about such nusic that accounts for the covr.oti assertion by devotees 
that familiar music is relaxing? rai^ilir.r nusic has low infonnation demand 
values, since neuronal models of its characteristics had to be established 
before it could becone fariiliar, and relatively sniall phasic CRs ^elicited 
by music that is familiar. In any conmunication setting vhere such rausic 
is present 3 the sura of the information denand values of all of the tnessages 
in that setting, will decline \;hen familiar music becomes part of the setr 

ting. Hence tonic ORs should decline in a setting identified by familiar 

\ 
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inusic. This result does indeed occur, PS recently reported in a r;tudy of 
popular radio nusic (rietc/isr, 1976). 

The sar;e principle is nanifest in intra-f ar:ily connunicaticn. Goldstein 
et al (1970) found that fanilies containinr: disturbed adolescents exhibited 
high levels of tonic CTc vihcn discussing: the probler;-3 of the adolescent. I'ig^ 
tonic GR vould mean reduced but nore frequent phasic ORs- Hence rore of 
i-'hat is said denands information^ altliouj^h the strenfj.th of these denands is 
lessened. Tae result of these cpposed trends is lot; effectiveness in the 
capacity of faaily ccr.^unicai^cn to rleal \7±th these adolescent problems. 
The defense response 

Lynn (l^ou, pp. 3-10) identifies the defense response OR) uith the 
startle reaction described in Aj^crican and European literature- The specific 
physiological i:idicators of the include "OT-entary but marked increase 
in heart rate and blood pressure, and positive going si:in potential (Raskin, 
Kotses and Bever, 1^66). The positive co^^P^ chin potential is the simplest 
of these to record and is sho\-n in Figure 3. 



Insert Figure 3 about b.ere 

Shnidman (15GG) dcr:^.or.stratcd that suliects in an avoidance conditioning j^roup 
experienced 2^^^^^- Chs . 

lliat are the consequences of the DR upon information procesninr,? 
Generally speaking, retention of a m.essace is lo^'er when the nessnjr^e elicits 
the ?Il (Thetford. Kle^jne and Spohn/1260; !Jilcott, 1958). The DR appears to 

iO , 
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correspond to inefficiency in cer'^^bral inf or-nti cn p J2£i£f' • ■^-'^ 
increases, the cerebrr.l ccrtcx dei^^ar.is ror^, iniorr^ition hut produces fev:er 
neuronal models froTn the information . The is usually accoiripanied by an 
increased nunber of phasic OF.s. so that an increase in information volune 
occurs in the cortex at the same tire as this reduced efficiency. Tlie re- 
sulting state of affairs may be a ^ooc description of information processing 
overload , And., due' to its relative sensitivity, the DR may provide an index 
to othenrise undetectable levels of information processing overload. 

Summary 

The principal potential contributions of physio log^ical constructs- -the 
phasic C?., the tonic OH and the D^v.-- to an understanding of individual infor- 
mation processing m.ay be summiarizcd in the follov;ing propositions, 

1, For any neural signal correspcndin,:^, to a given m.essage 
there is sor.e probability that the central nervous system, will 
generate a generalized dem.and (phasic OH) for additional neural 
information. 

2, The capacity to respond to neural signals by demanding 
additional information (tonic OF:) is a function of the total information 
demand value of the communication environm.ent « 

3, The information demand value of a communication (its 
ability to elicit phasic OP.s) declines as neuronal m.cdels (cognitions) 
are formed. 

4- As the m.essages in a communication context continue to generate 
information demands (phasic ORs) , the capacity of the individual 
respondent to attend (tonic 0?0 , all else being equal, must decline. 

5. Communication settings in ^-jhich inforr^ation demand 
values exceed capcity to attend (tonic 01)^ cerebral processing of 

^ 

information into neuronal models must become less efficient (DP.)- 
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Fif-uro Caption 
Flj^ure 1. A graphic model of the elicitation of an OR, 



14 



SIGNAL- 



1 



Physical 
Characteristics 
Of Stimuli 




Inhibit Or 

Elicit 
\ 



\ 



Inhibitor Inhibitor 

Elicit Elicit, 
I / 



nhibli Or 
Elicit ' 



ibit 
Elicit 




ERIC 



Physiological Approach 
14 

Figure Caption 

Figure 2. Typical isolated phasic and tonic ORs as reflected in 
5kin conductance measurement. 
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Figure Caption 

Figure 3. Typical isolated skin potential response labelled to show 
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pative component related to OR and positive conponerft related to ^R. 



V 
\ 

\ 



•9 



1 



ERIC 



Negative 
Comnonent 
(related 
to OR) 



T 



Stimulus 
Onset 




Positive 
Component 
(related 
to 1R) 



